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Abstract
Total coliforms are a group of bacteria found in high numbers in mammalian intestines; hence their presence in water indi-
cates the possible contamination with faecal material. Total and faecal coliform counts were monitored over a period of 
18 months using mFC, m-Endo and CM1046 media together with enzymatic assays on 215 environmental water samples 
obtained from the Eastern Cape Province of South Africa. A positive correlation, with an R2 value of 0.9393 was observed 
between faecal and total coliform colony units employing mFc and m-Endo media, and 0.8818 using CM1046 media. Also, 
a positive correlation was observed between Escherichia coli colony-forming units and β-d-galactosidase (B-GAL) activity 
(R2=0.8542). Overall, this study indicated that faecal contamination of environmental water samples could be monitored by 
measuring total coliform β-galactosidase activity and total coliform colony-forming units. 
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Introduction
Coliforms are a group of bacteria employed to assess the micro-
biological quality of water and/or food. Most faecal coliforms 
are present in large numbers among the intestinal flora of human 
and other warm-blooded animals, and are thus commonly found 
in faecal material. As a result, the presence of these non-patho-
genic microorganisms in water indicates the potential presence 
of pathogenic microorganisms of faecal origin (Venter, 2000; 
Rompré et al., 2002) and consequently a health hazard. It is 
estimated that 80% of communicable diseases in the world are 
waterborne (Devi et al., 2008). Analysing for total coliform bac-
teria and Escherichia coli is the most common method used to 
test the hygienic quality of drinking water (Huertas et al., 2003; 
Pitkänen et al., 2007). Bacteria as diverse as Escherichia coli, 
Citrobacter, Klebsiella, Enterobacter, Serratia, Erwinia and 
Yersinia are all positive for the traditional coliform test (Stand-
ard Methods, 2005).  Among the afore-mentioned bacteria, only 
Escherichia coli appear to be of faecal origin (Gofti et al., 1999; 
Rompré et al., 2002; Schraft and Watterworth, 2005) (Fig. 1). 
 However, there have been criticisms on the suitability of total 
coliforms, as markers of faecal contamination of water and/or 
food (Gofti et al., 1999; Leclerc et al., 2001; Stevens et al., 2001; 
Rose and Grimes, 2002; Hörman and Hänninen, 2006). Studies 
on total coliforms reveal that they can have an environmental 
origin besides faecal sources, thus these organisms may not be 
suitable indicators of faecal contamination (Leclerc et al., 2001). 
Escherichia coli and enterococci have been shown to be consist-
ently associated with faecal pollution and thus the most reliable 
indicators of faecal contamination (Leclerc et al., 1999; 2001; 
Gofti et al., 1999; Rompré et al., 2002; Schraft and Watterworth, 
2005). Furthermore, there have been occurrences of total colif-
orms in the absence of documented waterborne morbidity in the 
community, and outbreaks where coliforms have not been found 
(McFeters and Camper, 1983; McFeters et al., 1986). Although 
the latter could be due to the fact that the currently accepted 
methods may lead to underestimations of waterborne coliforms 
(Hudson et al., 1983; McFeters et al., 1986), this does not rule out 
the unreliability of coliforms as faecal indicators. Despite these 
setbacks, total coliforms are still being used in national and 
international guidelines for the microbiological quality assess-
ment of water (Grabow et al., 1999; Noble et al., 2003; Horman 
et al., 2004; Byamukama et al., 2005). 
 The presence of total coliforms and E. coli (faecal coliform) 
could be detected by measuring the activity of β-d-galactosidase 
(B-GAL) and β-d-glucuronidase (GUD) enzymes respectively 
(Wutor et al., 2007a). These enzymes hydrolyse a wide range of 
chromogenic and fluorogenic substrates yielding products which 
can be monitored spectrophotometrically and fluorometrically, 
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respectively. In this study, the chromogenic substrates chloroph-
enol red β-D-galactopyranoside (CPRG),  and p-nitrophenyl- 
β-D-glucuronide (PNPG) were employed to measure B-GAL 
and GUD activities respectively, while mFc, m-Endo and 
CM 1046 media were used in CFU counts. 
 In this paper, we examine the relationship between faecal 
coliform (FC) and total coliform (TC), thus the potential of using 
TC β-d-galactosidase activity and CFU counts as a measure of 
faecal coliform contamination of environmental water samples. 
Materials and methods
Chlorophenol red β-D-galactopyranoside (CPRG), disodium 
hydrogen phosphate, dihydrogen sodium phosphate were all 
obtained from Merck (Darmstadt, Germany), p-nitrophenyl-
β-D-glucuronide (PNPG) (Merck, Darmstadt, Germany). The 
media, mFc, mEndo and CM1046 were obtained from Merck 
(Darmstadt, Germany), Fisher Scientific (Loughborough, UK) 
and Oxoid (Hampshire, UK) respectively. The buffers were pre-
pared using water purified with a Milli-Q system (Millipore, 
Milford, CT, USA). All reagents were of the highest analytical 
grade available. 
Sampling
Water collection was performed in accordance with the standard 
procedures outlined in Standard Methods, 2005. Water samples 
were collected weekly from two points along the Bloukrans 
River, Grahamstown in the Eastern Cape of South Africa as well 
as from other sources in the Eastern Cape Province of South 
Africa for a period spanning 18 months between 2005 and 2006. 
Samples were collected aseptically in 1 ℓ sterile Pyrex bottles 
(Schott Duran, Germany), placed on ice and transported imme-
diately to the laboratory and analysed within an hour. Samples 
were collected in triplicates between 08:00 and 08:30 on each 
sampling day. In total, 215 samples were studied.  
Enzyme Assays
The B-GAL assay was performed as described in Wutor et al. 
(2007b). Briefly, CPRG (80 µg in 20 µℓ water) was mixed with 
90 µℓ 0.1 M sodium phosphate buffer (pH 7.8) in a 96-well, flat-
bottomed micro-titre plate, and 90 µℓ of environmental (water) 
sample added to initiate the reaction. The change in absorbance 
was monitored at 575 nm over 24 h on a PowerWavex (Bio-Tek 
Instruments, USA). 
 Togo et al. (2006) described the GUD assay employed in 
the study. PNPG (10 mM) was prepared in 0.1 M Tris-HCl, pH 
8.0 containing 0.6 mM CaCl2 buffer.  Assay buffer (50 µℓ) and 
90 µℓ enzyme solution/water sample were mixed in a 96-well, 
flat-bottomed micro-titre plate. The reaction was initiated by the 
addition of 110 µℓ PNPG. Kinetic readings (24 h at 1 h intervals) 
were performed at 405 nm and 25 oC using a Power Wavex spec-
trophotometer (Bio-Tek Instruments, USA).  
 In each enzyme assay, 2 sets of controls were set up; an 
enzyme control and a substrate control. All readings were taken 
against milli-Q water (Millipore Corporation, USA).  All assays 
were performed in triplicate, unless otherwise stated.  All results 
are reported as means ± standard deviations.  
Microbiological analyses
Water samples of 100 mℓ volumes were filtered through mem-
brane filters (Whatman 0.45 μm pore size) and placed on mFc 
plates for the detection of faecal coliforms at 44.5°C over 24 h; 
CM 1046 media (selective E. coli/coliform chromogenic medium) 
and m-Endo-agar plates (total coliforms) and incubated at 37°C 
for 24 h, after which colonies were counted. All colonies which 
developed a pink colour were counted as other coliforms while 
those that developed a purple colour were counted as E. coli on 
the CM 1046 media (the sum of both pink and purple colony 
counts gave the total coliform load of the water sample under 
consideration) while red colonies with metallic reflections were 
counted as total coliforms (m-Endo agar) and colonies with light 
to dark blue colonies were counted as faecal coliforms (mFc 
agar). These were then expressed as coliform colony-forming 
units (CFU) per 100 mℓ (Wutor et al., 2007a).
Results and discussion
The source of B-GAL enzyme was validated as from E. coli 
by using SDS-PAGE and MALDI-ToF (data not shown). The 
MALDI-ToF technique has been used successfully in the analy-
sis of proteins, peptides, glycoproteins, oligosaccharides, and 
oligonucleotides and has the capability of measuring masses to 
within 0.01% of the molecular mass of the sample (Takach et al., 
1997; Whitelegge, 2003; Kammerera et al., 2005). Enzymatic 
assays were performed alongside growth on selected media to 
correlate enzymatic activity and colony counts. 
 Wutor et al. (2007a) in a previous study observed a positive 
correlation between total coliform CFUs and B-GAL activity; 
R2  of 0.941 for CM 1046 media, and 0.7051 for m-Endo media, 
while Togo et al. (2006) established a correlation of 0.8909 
between GUD activity and E. coli CFUs. 
Detection of TC and FC using media
Generally, we observed a significant (P<0.05) correlation 
between TC and FC on m-Endo and mFc media with a R2 value 
of 0.9392 and a R2 value of 0.8818 for TC and FC on CM 1046 
media (Figs. 2 and 3). Though different media were employed 
in this analysis, the benefits of an early warning signal on the 
microbiological status of water from assessing only total colif-
orms cannot be underestimated. 
 
Detection of TC and FC 
A positive correlation, with an R2 value of 0.8542 at 95% confi-
dence interval was observed for E. coli colony counts and B-GAL 
activity (Fig. 4). It must be noted that this value, though lower 
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than the previous statistically, yet still high, could be accounted 
for by the fact that not all E. coli cells will grow on the media, 
a major limitation in the use of the conventional plating proce-
dure. However, those viable but non-culturable (VBNC) bacteria 
will still produce the B-GAL enzyme, thus making the enzyme 
assays better indicators than the plating on media (Pletschke et 
al., 2006; 2008). One major limitation in product development 
is the transferring of research from the laboratory to the field. 
In this work it is important to note that results were obtained 
from directly using the environmental samples to try easing the 
transfer. 
 Farnleitner et al. (2001) and Garcia-Armisen et al. (2005) 
reported R2 values of 0.73 and 0.92 respectively, in correlation 
studies between GUD and E. coli.  Variations in correlation 
coefficients for same enzyme can be attributed to differences in 
climatic conditions and the environments from which the sam-
ples were collected. Both factors dictate the nature and compo-
sition of interfering compounds in water samples. Furthermore, 
enzyme substrates are susceptible to interference from pol-
lutants during analysis. For example, Farnleitner et al. (2002) 
employed 4-methylumbelliferyl-β-D-glucuronide, a fluorogenic 
substrate in their study, while the same substrate yielded unreli-
able results in our study (results not shown). Therefore, it is pre-
dicted that the future of water quality monitoring is likely to rely 
on a matrix approach placing less emphasis on any one single 
parameter (Ashbolt et al., 2001; Havelaar et al., 2001; Niemela et 
al., 2003; Van Heerden et al., 2005). Thus, the utilisation of the 
GUD and B-GAL assays remains relevant as complementary or 
presumptive tests for faecal pollution.
Conclusions
In conclusion, one could use total coliform β-d-galactosidase 
enzyme activity and CFU determination as a very good measure 
of microbial water quality assessment. Total coliform measure-
ment may be considered as an imperfect but useful criterion of 
drinking water quality assessment and should find use at both 
small and large treatment facilities, as well as in routine analy-
sis.  
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Detection of TC and E. coli counts using CM 1046 media Figure 4
Correlation between E. coli CFU and B-GAL activity 
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